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REMARKS 

Reconsideration and allowance of the above-identified application are respectfully 
requested. Claims 318, 320, 322, 323, 328 and 331-355 are in the case. 

I. Interview of March 28, 2003 

The undersigned wishes to thank Examiners Scheiner and Housel for their time 
and considerations of the issues during the interview of March 28, 2003. It is believed 
that the interview materially advanced prosecution of the subject application. 

It was agreed that the finality of the Official Action dated February 10, 2003 
would be withdrawn. Further, the Examiners expressed a high likelihood that the subject 
matter of claims 332 and 333 (now claims^32^3^)^would be rejoined to the elected 
invention. 

Applicants agreed to submit evidence of enablement by providing data on 
additional viral strains, as well as evidence relating to local versus systemic 
administration. 

Claims which the Examiner stated were elected in paper 31 page 2 (or also paper 
48 page 2), were reintroduced in the previous Amendment: 
claim 332 is similar to old claims 164; 
and 

claim 333 is similar to old claim 177. 

Support for amended claim 333 (and new claims 334-346 and 344-347) can be 
found on page 1 1 of the specification. 
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New independent claim 343 and its dependent claims, also relate to a method of 
treating cancer by systemic administration of NDV, but also require more than one dose 
of the virus. 

New independent claim 355 relates to a method of treating cancer in a mammal 
having a tumor comprising administering intravenously to said mammal more than one 
dose of a Newcastle Disease Virus an amount sufficient to cause tumor regression. 

II. Prior Re jections of Claims 164,165,167,168 and 177 
Lack of Enablement 

In the Official Action of May 26, 1998, page 3, the Examiner rejected claims 164, 
165, 167, 168 and 177 under 35 USC 112 first paragraph. The Examiner alleged that 
"the specification teaches only the use of NDV 73-T strain which is not sufficiently 
enabling for all NDV strains, or any mesogenic strain." The Examiner also alleged that 
"systemic administration has not been taught in the specification (claims 164-168)." 

Newcastle Disease Virus (NDV) 

The subject patent application specifically exemplifies two NDV strains to treat 
cancer (Mass MK 107 and 73-T). In the specification, there is an example (Example 3, 
page 27 along with Figure 5) of tumor regression using an NDV strain other than 73-T: 
the strain Mass MK107. Mass MK107 is a well-known NDV strain. 
Further support that the disclosure made in the subject application regarding NDV is 
enabling can be found in commonly owned U.S. Serial No. 09/292,376, (now U.S. Serial 
No 10/167,652) where there are examples of antitumor efficacy with two other strains of 
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NDV in Examples 21, 22, 23. This is in addition to the extensive examples (Examples 1- 
10, 16-17, 29 and including an example with human clinical data - Example 20) that used 
Mass MK107, the mesogenic strain of NDV. This evidence of successful results with 
additional strains of NDV confirms the statement of applicants in the subject application 
that NDV generally, and not just the exemplified strains, can be used in accordance with 
the claimed method. 



Systemic Administration 

The term "systemically" is supported in the specification on page 13: "the virus 
can be administered either directly at the tumor site by local or regional injection, or 
systemically." See also Example 2 relating to systemic NDV therapy. 

Intravenous and intraperitoneal administration are taught in the subject 
specification. See page 13 first full paragraph: "The virus is preferably administered to 
the mammal by injection (e.g. intravenous... intraperitoneal....)" 

Further support that the disclosure made in the subject application regarding intravenous 
administration is enabling can be found in commonly owned Serial No. 09/292,376, (now 
U.S. Serial No 10/167,652) where additional examples are provided of antitumor efficacy 
using the intravenous route with mesogenic MK107 strain: Examples 3, 9 and 20 (with 
Example 20 showing clinical human experience of systemic treatment including 
regressions of 5 tumors). In this regard, also see the attached 2002 article by Pecora et al 
entitled "Phase I Trial of Intravenous Administration of PV701, an Oncolytic Virus, in 
Patients with Advanced Solid Cancers." The Pecora article shows the results of a Phase I 
trial where patients with tumors were treated by intravenous administration of PV 701 
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(triple plaque purified Mass MK107) as a single dose or in multiple doses. This evidence 
of successful results (including tumor regression and freedom from tumor progression) 
with systemic administration confirms the statement of applicants in the subject 
application that systemic administration as a single dose or as multiple doses, can be used 
in accordance with the claimed method. 



Multiple Doses 

On page 13 of the specification it is stated: " It is also understood that it may be 
necessary to give more than one dose of the virus." See also Example 2 where multiple 
systemic doses were given. 

Tumor Regression 

Support for the phrase "tumor regression" can be found throughout the 
specification, e.g. Example 2. Support for the dosages specified in dependent claims 342, 
351 and 352 can be found on page 13 and in Example 2. 

35 USC 112 first paragraph has no requirement that every embodiment of a claim 
be exemplified. The claims are enabled as written. The description in the subject 
specification, the examples therein, as well as subsequent data discussed above, all 
support that the claims as presented are sufficiently enabled, i.e. the skilled person would 
know how to make and use NDV for the claimed use. 
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Previous Prior Art Rejections 

In the Official Action dated July 8, 1997, the Examiner rejected claims 164, 165 
and 177 under 35 USC 102(b) as being anticipated by Bohle et al, Cassel et al., or 
Murray et al. 

Applicants responded in an Amendment dated January 8, 1998, noting that: each 
of these references involves the administration of virus and tumor cells to boost an 
immune response against antigens present on the tumor cells. The administration in these 
references was not systemic administration. 

These 102 rejections were not repeated in the next Official Action (May 26, 

1998). 

In the Official Action dated May 26, 1998, claims 164, 165, 167, 168 and 177 
were rejected under 35 U.S.C. § 102(b) as allegedly anticipated by Lorence et al (1988). 

Lorence et al discusses in vitro tumor cell data. There is no in vivo data and no 
discussion of systemic administration, dosage or multiple doses. 

Also in the May 26, 1998 Action, claims 164, 165, 167, 168 and 177 were 
rejected under 35 U.S.C. §102(a) as allegedly anticipated by Reichard et al (1992); and 
rejected under 35 U.S.C. §102(b) as allegedly anticipated by Reichard et al (1992). 

In response to a declaration by Robert Lorence filed on June 30, 1995, the 
Examiner stated in her Official Action dated October 18, 1995 at page 4: "The Lorence 
Declaration is acknowledged, The Katz declaration is sufficient to remove the Reichard 
et al reference." 
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The Examiner's attention is also directed to the attached article by Schirrmacher 
et al (2001) entitled "Antitumor effects of Newcastle Disease Virus in vivo: local versus 
systemic effects." In the article, the authors note "Systemic an ti -metastatic effects were 
never observed with NDV alone in contrast to previous results obtained with NDV 
modified tumor vaccines." This article teaches away from the claims of the subject 
invention. 

Should any small matters remain outstanding, the Examiner is encouraged to 
telephone Applicants' undersigned attorney at the number noted below so that same can 
be resolved without the necessity of an additional action and response thereto. 

Allowance of the application is awaited. 



Respectfully submitted, 
NIXON & VANDERHYE P.C. 




1 100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703) 816-4100 
Attachments: Pecora et al., "Phase I Trial of 
Intravenous Administration of PV701, an 
Oncolytic Virus, in Patients with Advanced 
Solid Cancers." 

Schirrmacher et al (2001)," Antitumor 
effects of Newcastle Disease Virus in vivo: 
local versus systemic effects." 
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Purpose : PV701, a replication-competent strain of 
Newcastle disease virus, causes regression of tumor 
xenografts after intravenous administration. This 
phase I study was designed to define the maximum- 
tolerated dose (MTD) and safety of single and multiple 
intravenous doses of PV701 as a single agent in pa- 
tients with cancer. 

Patients and Methods : Seventy-nine patients with 
advanced solid cancers that were unresponsive to stan- 
dard therapy were enrolled. Four PV701 intravenous 
dosing regimens were evaluated: (1) single dose: one 
dose every 28 days; (2) repeat dose: three doses in 1 
week every 28 days; (3) desensitizing: one lower dose 
followed by two higher doses in 1 week every 28 days; 
and (4) two week: one lower dose followed by five 
higher doses over 2 weeks every 2 1 days. 

Results : A 100-fold dose Intensification was 
achieved over 1 95 cycles. A first-dose MTD of 1 2 x 1 0 9 
plaque-forming units (PFU)/m 2 was established for out- 

PV701 1,2 IS A HIGHLY purified, replication-competent, 
naturally attenuated strain of Newcastle disease vi- 
rus, 3 " 6 an avian paramyxovirus. Newcastle disease virus 
strains, such as PV701, directly lyse diverse human cancer 
cells in vitro (oncolytic) while being significantly less toxic 
toward normal human cells. 1,3 * 7 Moreover, the virus is 
capable of both stimulating T-cell-mediated specific antitu- 
mor immunity and inducing nonspecific activation of im- 
mune function, such as the induction of cytokines (eg, 
interferon) and activation of tumoricidal macrophages. 8 " 10 
Newcastle disease virus is a rapidly replicating RNA 
virus with progeny virions first detectable in vitro within 3 
hours after infection. After infecting a cancer cell, the virus 
rapidly spreads to neighboring tumor cells through the 
release of progeny virions and syncytia formation. 3,11 
PV701 and certain other negative strand RNA viruses are 
selectively cytolytic for tumor cells as a result of defects in 
the interferon (IFN) signaling pathway that are common 
among diverse tumor types. 12,13 Defects in this pathway are 
believed to confer a growth and survival advantage to tumor 
cells. 13 " 16 However, these tumor defects also disable the 
antiviral function of IFN and confer sensitivity of malignant 
cells to infection and replication of viruses such as PV701. 

Oncolytic Newcastle disease virus strains, including 
PV701, administered via intravenous, intraperitoneal, and 
intratumoral routes, replicate selectively in human cancer 
cells implanted in athymic mice, resulting in high rates of 



patient dosing. After an initial dose of 12 x 10 9 PFU/ 
m 3 , patients tolerated an MTD for subsequent doses of 
1 20 x 1 0 9 PFU/m 2 . The most common adverse events 
were flu-like symptoms that occurred principally after 
the first dose and were decreased in number and se- 
verity with each subsequent dose. Tumor site-specific 
adverse events and acute dosing reactions were also 
observed but not cumulative toxicity* Objective re- 
sponses occurred at higher dose levels, and progres- 
sion-free survival ranged from 4 to 31 months. Tumor 
tissue from one patient was obtained after 1 1 months 
of therapy and showed evidence of PV701 particles 
budding from the tumor cell membrane by electron 
microscopy and a pronounced lymphoplasmacytic infil- 
trate by histologic examination. 

Conclusion : PV701 warrants further study as a 
novel therapeutic agent for cancer patients. 

J Clin Oncol 20:2251-2266. © 2002 by American 
Society of Clinical Oncology* 

complete tumor regression and sparing of normal tis- 
sue. 2,3,17,18 In vitro death for most tumor cell lines occurs at 
a PV701 amount -1,000-fold below the amount that ad- 
versely affects normal cells. 1 Similarly, there is an -1,000- 
fold difference in the intravenous dose resulting in 50% 
tumor regression in athymic mice (~2 X 10 6 plaque-forming 
units [PFU]/mouse) and the median lethal dose (-5 X 10 9 ) 
in these mice. 2 In these animals, clear dose »and dose 
frequency effects are observed, providing the rationale for 
examining such effects in the clinical setting. Objective 
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responses (complete response and partial response) increase 
from -50% to 100% by raising the dose three-fold or 
increasing the number of doses given at the same dose level 
from one to three doses. 2 In addition, intravenous exposure 
to a lower first dose of PV701 (3 X 10 8 PFU/mouse) results 
in a desensitization of the animal to toxicity from subse- 
quent doses as evidenced by a 10-fold increase in the 
maximum-tolerated dose (MTD) for dose 2 (10 10 PFU/ 
mouse) compared with dose 1 (10 9 PFU/mouse). The 
oncolytic effect of PV701 requires live replication- 
competent virus because UV-inactivated virus caused no 
tumor regression. 2 

Oncolytic activity associated with Newcastle disease 
virus was first observed by Gassel and Garrett 19 when an 
intratumoral injection in a patient with cervical cancer 
resulted in tumor regression of the injected mass as well as 
a supraclavicular lymph node metastasis. Subsequent clin- 
ical trials of Newcastle disease virus focused primarily on a 
vaccine approach using viral oncolysates that included low 
doses of viable virus infecting autologous tumor cells. 8,20 ' 21 

Characteristics of Newcastle disease virus that are favor- 
able for human trials include the genetic stability of vaccine 
strains, the absence of genetic recombination, lack of a 
carrier state of naturally attenuated strains, and the lack of 
antigenic drift. 3 Human-to-human transmission has not been 
observed. 6 The virus has been safely given to humans in 
tumor vaccine studies, and accidental exposure has been 
reported to cause only self-limiting conjunctivitis. 3,5 * 6 

Other replication-competent viruses, including adenovi- 
rus and herpes simplex virus alone or in combination with 
chemotherapy, have caused tumor regressions in humans by 
the intratumoral route. 22 " 24 Early testing of both replication- 
competent and replication-incompetent adenoviruses by the 
intravenous route has been initiated, 25,26 but, until now, 
there has been no determination of the MTD for systemic 
therapy with a virus. Herein we report on a phase I study 
with dose escalations including the testing of various 
treatment schedules and MTD determination for systemic 
(intravenous) administration of the replication-competent 
virus PV701 in patients with advanced cancer that was 
unresponsive to standard therapy. 

PATIENTS AND METHODS 

Patient Enrollment 

Seventy-nine patients were enrolled with advanced or metastatic 
solid malignancy that was unresponsive to treatment with established 
therapies. Entry criteria included at least one bidimensionally measur- 
able tumor, s 18 years of age, a life expectancy of at least 3 months, 
and a performance status (Eastern Cooperative Oncology Group) of 0 
or 1. Laboratory result minimum entry requirements included 3,000 
WBCs/juL, 1,500 neutrophils/^, and 100,000 platelets/ptL. Also 



required was a serum creatinine level less than 1.5 times the upper limit 
of normal, serum transaminase level less than 2.5 times the upper limit 
of normal (< 5.0 times the upper limit of normal for patients with 
metastatic liver disease), and a therapy-free period of 14 days. Patients 
were not eligible if documented to have CNS disease (including brain 
tumors on computed tomography [CT]/magnetic resonance imaging 
[MRI] scans required at screening), known hypersensitivity to eggs, 
antiviral or systemic corticosteroid treatment within 14 days, myocar- 
dial infarction or life* threatening arrhythmia within 6 months, known 
positivity for human immunodeficiency virus, active hepatitis B or C 
infection, an organ allograft, autoimmune disease, active viral infection 
(including cold or influenza), or uncontrolled bacterial infection. Active 
poultry workers and pregnant or nursing women were excluded. All 
patients provided informed written consent approved by the appropriate 
institutional review board, 

PV701 

PV701 is a highly purified isolate of the naturally attenuated 
(nonrecombinant) MK107 vaccine strain of Newcastle disease virus 
and is distinct from other strains, such as 73-T, that have been 
previously tested in humans. PV701 was cloned from MK107 by 
biologic means (triple-plaque purification in chicken embryo cells) to 
increase homogeneity and to remove defective particles. PV701 was 
grown to high titer in specific pathogen-free embryonated chicken eggs 
(SPAFAS, Inc, Preston, CT) and purified from allantoic fluid. Clinical 
lots of PV701 used in this study met release criteria, including potency, 
purity, sterility, and adventitious agent testing (Investigational New 
Drug Application BB 7401, May 7, 1998). 

Plaque Assay 

Doses were expressed as the amount of infectious virus in PFU. For 
the plaque assay, HT1080 human fibrosarcoma cells (obtained from 
American Type Culture Collection, Manassas, VA) were seeded into 
six-well tissue culture plates and grown to confluence. The growth 
medium was removed, monolayers were washed with serum- free 
medium, and 0.5 mL of various sample dilutions were added per well. 
The plates were incubated with rocking for 90 minutes at 37°C and 5% 
C0 2 , The medium was completely removed, the monolayers were 
washed as above, and 3 mL of semisolid agar medium was overlaid 
onto each well. The cultures were incubated for 48 hours at 37°C and 
5% C0 2 . Monolayers were stained with neutral red for counting of 
plaques, and the virus titer was expressed as PFU/mL. 

Intravenous Administration of PV70I 

For the first 47 patients, PV701 was prepared in a sterile syringe and 
patients were administered the dose over 10 minutes (regardless of dose 
level) by injection of the syringe contents into a port on a running 
intravenous line (at -25 mL/h). For the subsequent 32 patients, PV701 
was diluted into an intravenous saline bag (50 to 100 mL) immediately 
before dosing and administered at a rate of 1.2 X 1G 9 PFU/m 2 /min for 
doses of 12 X 10 9 PFU/m 2 and at a rate of 5.0 x 10 9 PFU/m 2 /min for 
doses greater than 12 X 10 9 PFU/m 2 . 

Treatment and Study Design 

Single-dose regimen. A single dose of 5.9, 1 2, or 24 X 1 0 9 PFU/m 2 
was administered every 28 days (n = 17 patients). The starting dose of 
5.9 X 10 9 PFU/m 2 was selected because this dose was greater than 1 
log below the rodent MTD on the basis of body surface area. Dose 
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escalation proceeded by two-fold increments. All patients were hospi- 
talized for 24 hours with intensive monitoring. 

Repeat-dose regimen. Two dose levels were examined (n = 13 
patients): either 5.9 X 10 9 PFU/m 2 or 12 X 10 9 PFU/m 2 was 
administered three times in 1 week every 28 days. Dose 2 was given 2 
days after dose 1 . 

Desensitizing regimen. Five dose levels were examined (n = 37 
patients): all patients received 12 X 10 9 PFU/m 2 (desensitizing 
dose) on the first day of administration followed by two doses of 24 
X 10 9 PFU/m 2 , two doses of 48 X 10 9 PFU/m 2 , two doses of 72 X 
10 9 PFU/m 2 , two doses of 96 X 10 9 PFU/m 2 , or two doses of 144 
X 10 9 PFU/m 2 . Dose 2 was given 2 days after dose 1. For each 
patient, all three doses were administered within 1 week and 
repeated every 28 days. 

Two-week regimen. Two dose levels were examined (n = 12 
patients): All patients received 12 X 10 9 PFU/m 2 (desensitizing dose) 
on the first day of administration followed by five doses of 96 x 10 9 
PFU/m 2 or five doses of 120 X 10 9 PFU/m 2 . Dose 2 was given 4 days 
after dose 1 . Patients were given three doses per week for 2 weeks (six 
total doses) followed by 1 week off treatment. Enrollment was for a 
minimum of two courses. 

General. Patients were monitored before each treatment and ex- 
tensively after treatment. Evaluations included physical examinations, 
measurement of performance status, laboratory parameters, viral shed- 
ding (urine and sputum), and serum testing for PV701 antibodies and 
infectious virus. CT or MRI was used to assess tumor responses after 
each course of therapy. 

A minimum of three patients were entered at each PV701 dose level 
until a patient experienced a dose-limiting toxicity (DLT). When a DLT 
was encountered, three additional patients were enrolled at that same 
dose level There was no further dose escalation when two or more 
patients experienced a DLT. The MTD was defined as the dose level 
below that at which two or more DLTs were encountered. 

Adverse events were graded using the Southwest Oncology Grading 
Scale. DLT was defined as a clinically significant adverse event (grade 
4 leukocyte or neutrophil count lasting > 5 days; platelet count < 
10,000//xL [grade 4 by NCI common toxicity criteria version 2.0]; or 
>grade 3 nonhematologic excluding fever and fatigue). Transient 
increases in hepatic transaminases (> grade 2) without grade 2 
hyperbilirubinemia were not considered a DLT if these elevations 
returned to baseline before the next course. Symptoms clearly related to 
disease progression were not considered as DLTs. 

All patients were eligible for additional courses of treatment when 
they had at least stable disease and an acceptable toxicity profile. 

Virologic Studies 

Samples of urine and sputum were screened for infectious virus by 
examining for cytopathogenic effects in cultures of HT1080 cells. For 
these screening assays of urine and sputum, spiked samples with as 
little as 100 PFU/mL and 100 PFU/g, respectively, were positive. All 
positive samples were quantified by plaque assay on HT1080 cells (as 
described in Plaque Assay section). 

Neutralizing Antibody to PV701 

Two-fold dilutions of heat-inactivated patient serum were mixed 
with a PV701 preparation that contained 3 X 10 2 PFU/mL in a total 
volume of 2 mL. After incubation for 1 hour at room temperature, 0.5 
mL of the serum-virus mixture was tested for infectivity using the 
plaque assay described above. The neutralizing antibody titer of the 
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serum sample is expressed as the last dilution resulting in at least 80% 
reduction in the number of plaques. 

Cytokine Measurements 

Patient serum was analyzed using commercially available enzyme- 
linked immunosorbent assay kits for detection of human cytokines 
(IFN-a and IFN-y, BioSource International, Camarillo, CA; IFN-0, 
Fujirebio, Inc, Tokyo, Japan; interleukin-6 [IL-6] and tumor necrosis 
factor-alpha [TNF-a], Pierce-Endogen, Rockford, IL). Sera from 10 
patients were analyzed including two patients who were given a single 
dose of 12 x 10 9 PFU/m 2 , one patient who was given a single dose of 
24 X 10 9 PFU/m 2 , five patients who„were given three repeat doses of 
12 X 10 9 PFU/m 2 , and two patients in the desensitizing regimen who 
were given a first dose of 12 X 10 9 PFU/m 2 followed by two doses of 
24 X 10 9 PFU/m 2 . 

Tissue Processing 

Sections of formalin- fixed patient tissues were processed for hema- 
toxylin and eosin (H&E) staining. Electron microscopy of patient tissue 
samples was performed by negative staining with uranyl acetate and 
compared with those from experimental HT1080 human fibrosarcoma 
xenografts infected with PV701. 2 

Statistical Analysis 

Assessments of the association between age or baseline anemia and 
grade 3 flu-like symptoms, the association of transaminase elevations 
(> 200 U/L) and preexisting liver metastases, and the association of 
preexisting lung disease and oxygen desaturation were performed using 
Fisher's exact test. The null hypothesis was that the probability of an 
adverse event was the same in patients with and without the baseline 
characteristic. A two-sided alternative was. considered statistically 
significant at P < .05. 

RESULTS 

Patient Characteristics v . 

Seventy-nine patients (48 men and 31 women) with 
advanced cancer that was unresponsive to standard therapy 
were enrolled onto this study (Tables 1 and 2) from June 
1998 through September 1999 and were treated over 12 
dose levels with a total of 195 cycles. The median age was 
58 years (range, 24 to 81 years) with 22 patients (28%) older 
than 70 years. The most common primary tumor types were 
colorectal (n = 23), pancreatic (n = 9), renal (n = 9), breast 
(n = 8), and non-small-cell lung carcinoma (n = 8). 
Seventy-two patients had received previous chemotherapy; 
35 of them received three or more regimens. 

Antibody Response 

Thirty-two patients were tested at baseline for neutral- 
izing antibody to PV701. One of these patients was 
positive at the limit of detection of the assay. His adverse 
event profile was no different from that of other study 
subjects. The other 31 patients tested all were negative 
for neutralizing antibody. 
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Table 1. Dosage Levels 



Dose Level 


Regimen 


Doses (x 10 PFU/m } 


Dose Intensity (x 10 9 
rru/m /course} 


No. of Patients 

FnrnlWI 


t r 

No. or Cycles 


1 


Single 


5.9 


5.9 


6 


19 


2 


Single 


12 


12 


6 


11 


3 


Single 


24 


24 


5 


13 


4 


Repeat 


5.9 x 3 


17.7 


6 


8 




Repeat 




36 


7 


1 1 


6 


Desensitizing 


1 2, 24 x 2 


60 


4 


10 


7 


Desensitizing 


12, 48 x 2 


108 


3 


37* 


8 


Desensitizing 


12, 72 x 2 


156 


5 


14 


9 


Desensitizing 


1 2, 96 x 2 


204 


12 


28 


10 


Desensitizing 


12, 144 x 2 


300 


13 


13 


11 


Two-week 


12, 96x5 


492 


7 


18 


12 


Two-week 


12, 120 x 5 


612 


5 


13 


Total 








79 


195 


*This cohort 


includes patient no. 521, who 


received 34 cycles of PV701 including 


his most recent 25 cycles 


at 12/120 x 5 (10 9 PFU/m 2 }. 





Fourteen of 16 patients in the single-dose regimen, seven 
of seven patients in the repeat-dose regimen, and six of six 
patients in the desensitizing-dose regimen became seropos- 
itive, first evident 1 to 2 weeks after PV701 dosing. By 
week 4 after initial dosing, 10 of 12 patients tested in the 
repeat-dose and desensitizing regimens had neutralizing 
antibody titers at 1:320 to 1:640. Eight patients were tested 
at 5 to 10 weeks after initial dosing, and they had a median 
neutralizing antibody titer of 1:640 (range, 1:80 to 1:2,560). 
One patient was followed over 18 courses (1.5 years). At 
month 3, his titer reached a plateau (at 1:2,560) that has 
persisted through the last time point analyzed (month 18). 

Virology 

A total of 821 sputum samples and 899 urine samples 
from 67 patients were examined for virus shedding using 
highly sensitive infectivity assays. Positive samples were 
quantified by plaque assay. Fewer than 1% of the sputum 
samples tested were positive. These positive samples con- 
tained low PV701 levels (median 26 PFU/g sputum). No 
PV701 was detectable in the sputum at day 14 or beyond. 
All repeat course sputum samples were negative. Fifteen 
percent of all urine samples tested positive at a low level 
(median, 820 PFU/mL), and all samples were negative 3 
weeks after the last dose. Five percent of urine samples 
analyzed from courses 2 to 6 were positive for PV701. 
The percentage of patients with transient viruria at any 
time during a course dropped from a first course high of 
54% to 0% in patients who received seven or more 
courses of PV701. 

Cytokines 

Serum samples from 10 representative patients who were 
given one or multiple doses (12 or 24 X 10 9 PFU/m 2 ) were 



analyzed at multiple time points for serum proinflammatory 
cytokines (IFN-a, IFN-/3, IFN-y, IL-6, and TNF-a). Similar 
patterns of cytokine production were noted for all 10 
patients after their first dose of PV70L IFN-a was the 
predominant cytokine produced in all patients (median peak 
levels, 20,000 pg/mL) compared with the four other cyto- 
kines (median peak levels between 10 and 200 pg/mL). 
Detectable increases in IFN-a, IFN-y, IL-6, and TNF-a 
were first seen by 6 hours after dosing with IFN-/3 only 
detectable at 20 hours after dosing. All four cytokines 
consistently reached peak levels at 20 hours after dosing and 
returned to or near baseline by 2 to 3 days after dosing. In 
patients who received more than one dose of PV701, there 
was a marked reduction in serum cytokine levels after the 
second dose compared with the levels seen : after the first 
dose (eg, for IFN-a, a median peak of 13,000 pg/mL noted 
after the first dose compared with a median peak of 65 
pg/mL after the second dose). 

Toxicity 

Most common adverse events. Throughout the trial, 
fever, other cytokine-related flu-like symptoms (eg, chills, 
fatigue, nausea/vomiting, headache, diarrhea), and hypoten- 
sion were the most common adverse events (Tables 3 and 
4), primarily occurring 4. to 24 hours after PV701 dosing. 
Except for the immediate dosing reactions (detailed below), 
adverse events diminished markedly in number and severity 
with repeat dosing (Table 4) and with the second (see Table 
3) and all subsequent courses. 

Two of the first three patients in the first cohort (5.9 X 
10 9 PFU/m 2 ) had grade 3 fever of 40.0°C to 40.6°C, which 
was promptly reversed with ibuprofen. Beginning with the 
fifth patient in this cohort, all subsequent patients in this trial 
received acetaminophen and ibuprofen prophylaxis and the 
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Table 2. Patient Characteristics 

No. of Patients 



incidence of grade 3 fever was reduced to 11% (eight of 
75 patients). 

In the single-dose regimen, 42% of patients (seven of 17) 
had at least one episode of diarrhea including one case of 
grade 4. In subsequent dosing regimens; diarrhea was 
effectively controlled using loperamide with 10% of pa- 
tients having diarrhea. 

Age and baseline anemia were examined in all 79 patients 
as potential risk factors for grade 3 flu-like symptoms 
(fever, fatigue, nausea, vomiting, and dehydration). Age 
was examined because two DLTs at the 12/144/144 X 10 9 
billion PFU/m 2 dose level occurred in elderly patients (81 



2255 

and 75 years of age; see Dose Escalations, DLT, and 
Determination of MTD below). Anemia was examined as a 
risk factor because it might exacerbate the severity of any 
fatigue, the most common of the grade 3 flu-like symptoms. 
The analysis showed that 13 (59%) of 22 patients > 70 
years of age had grade 3 flu-like symptoms compared with 
18 (32%) of 57 less than 70 years of age (P < .025), and 24 
(52%) of 46 patients with baseline anemia (Hgb < 1 1 or Hct 
< 35) had grade 3 flu-like symptoms compared with seven 
(21%) of 33 patients without baseline anemia (P < .01). 

Desensitization to toxicity on repeat dosing. As pre- 
dicted from the animal models, dose 1 desensitized patients 
to the flu-like symptoms on subsequent doses. Table 4 lists 
the six most common adverse events observed for patients 
in the desensitizing regimen in order of decreasing inci- 
dence and by the Southwest Oncology Group severity grade 
for each dose. Adverse events were reduced in number and 
severity after the second and third doses despite a two-fold 
to eight-fold increase in dose. With all patients receiving 
prophylactic antipyretics, the incidence of grade 3 fever for 
patients in this regimen was reduced from 13% on dose 1 to 
being undetected with subsequent doses (Table 4). The 
incidence of grade 1 to 2 fever reduced from 83% with dose 
1 to 17% with dose 3. A similar pattern of desensitization to 
adverse events was seen in the 2-week dosing regimen 
with doses 2 to 6 producing milder and less frequent 
adverse events compared with dose 1, even when doses 2 
to 6 were eight- to 10-fold higher (data not shown). This 
desensitization to toxicity with repeat doses was also 
seen for the hematologic changes (see Hematology/ 
Coagulation Profiles below). 

Acute dosing reactions. Acute and reversible dosing 
reactions were observed in five of the first seven patients 
enrolled at the 12/96/96 X 10 9 PFU/m 2 dose level, typically 
during the third dose of the first course. These reactions 
consisted of back pain, chest tightness, chest pain, and 
hypertension. Abdominal pain was less commonly seen. In 
all cases, the onset was within 5 minutes of the start of 
dosing and resolved spontaneously and completely within 
30 minutes of the beginning of the adverse event. In a few 
instances, these adverse events required a pause in the 
administration of virus. One patient experienced grade 3 
back pain on his third PV701 injection and was the only 
patient in the study who did not complete a PV701 dosing 
because of this acute dosing reaction. All other acute dosing 
reactions were grade 1 or 2. These reactions were attributed 
to the rate of administration of the virus, which had 
increased from 1.2 X 10 9 PFU/m 2 /min at the 12 X 10 9 
PFU/m 2 dose level to 1.0 X 10 10 PFU/m 2 /min at the higher 
dose levels. In subsequent patients, the administration rate 
for doses above 12 X 10 9 PFU/m 2 was decreased to 5 X 10 9 



Total No. 79 
Age, years 

Median 59 
Range 24-81 

Male:female 48:31 

Primary tumor site 

Colorectal 23 

Pancreatic 9 

Renal 9 

Breast 8 

Non-small -eel I lung 8 

Sarcoma 4 

Head and neck 4 

Melanoma 3 

Mesothelioma 2 

Esophageal 2 

Lymphoma ' 2 
Ovarian 
Bladder 

Carcinoma (unknown primary) 
Cholangiocarctnoma 
Carcinoid 
No. of prior chemotherapy regimens 

0 7 

1 13 

2 24 
=>3 35 

No. of prior immunotherapy regimens 

0 60 

1 9 

2 10 
No. of prior hormonal therapy regimens 

0 69 

1 2 
>2 8 

No. of prior investigational agents 

0 61 

1 11 
>2 7 

Prior surgery 68 

Prior radiation therapy 40 
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Toble 3. Adverse Events for All Patients During the First Two PV701 Courses 



Course 1 (N = 79) Course 2 (n « 39) 



Adverse Event 


Grade 1/2 (%) 


Grade 3 [%) 


Grade 4 (%) 


Grade 1/2 [%) 


Grade 3 {%) 


CimAa A 


Flu- like symptoms 














Fever 


92 


1 1 




59 


3 


- 


Chills 


73 






44 


~ 


- 


Fatigue/ malaise 








26 


3 


- 


Headache 


34 


1 
I 




5 






Myalgia 


23 






13 


— 


- 

- 


Diaphoresis 


19 






13 


— 


- 


Gastrointestinal 












Nausea 


72 


1 


1 


26 


- 


- 


Vomiting 


57 


A 
A 


1 


23 


- 


- 


Anorexia 








18 


- 




Diarrhea 


53 


1 

! 




15 


- 


- 
- 


Constipation 


16 


] 




5 




- 


Dehy d ro ti o n 




o 
y 




~ 


- 


- 


Dry Mouth 


10 








_ 




Hematologic 












- 


Th rom bocytopenia 


46 


1 1 








- 


icniiu 


Jo 


o 
0 


1 


13 


3 


- 


Leukopenia 


Of 


ZJ 


4t 


18 




- 


Increased PT/PTT 

II IWI wdCu r 1/ 1 H 




1 


1 


15 


- 


- 


Neutropenia 


23 


p 
o 


I 


8 




- 


Cardiovascular 












Hypotension 


52 


ti 

•J 


i 


15 




- 


Edema Derionprol 




J 




13 


- 


- 


Dizziness 


14 












Respiratory 












- 


Dyspnea/hypoxia 


27 


p 
o 


6 


15 


3 


- 


Cough 


18 






5 


— 


- 


Liver 














Increased ALT/AST 




1 0 
1 0 


4 


18 


3 


- 


Increased bilirubin 


4 


10 


3 








Neurologic 














Pain, back/flank 


24 


8t 




15 


3 




Pain, abdominal 


24 


4 




18 


3 " • . . 




Confusion/ disorientation 


18 


3 










Anxiety/agitation 


13 






5 






Pain, hip/leg 


10 






13 






Acute dosing reaction 












Back pain 


19 


1 




26 






Chest pain 


11 


1 




18 






Metabolic 




i 








Hypokalemia 


10 






5 







NOTE. Included are all events with at least a 1 0% incidence for any grade. 

•For both cases of SWOG grade 4 thrombocytopenia {platelet nadir at 23,000/^L in a patient dosed with a single dose of 24 x 1 0 9 PFU/m 2 and platelet nadir 
at 1 9,000m in a patient dosed at 1 2/96/96 X 1 0 9 PFU/m 2 ), platelets had recovered to a grade 1 to 2 level within 4 to 6 days and no bleeding was observed. 
tAll three cases of grade 4 leukopenia occurred 20 hours after dosing and had recovered to grade 2 at me next time point (3 days later). 
tGrade 3 pain occurred in patients with baseline pain at this location. 



PFU/m 2 /min (see Patients and Methods). At the slower 
administration rate, dosing reactions occurred infrequently 
in subsequent patients and were less severe. The symptoms 
of back pain, chest tightness, and hypertension were sug- 
gestive of a vasospasm effect, although no ECG changes 
were observed and prophylaxis with antihistamines was 
found to be ineffective. 



Tumor site-specific adverse events including inflamma- 
tion. A separate class of adverse events dependent on the 
tumor location was noted. These tumor site-specific adverse 
events included the following: 
o Tumor inflammation/edema on physical examination 
(one patient with a scalp metastasis from a colon 
carcinoma, the other with tongue carcinoma). 
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Table 4. Percentage of the Six Most Common Adverse Events Observed for Patients Given Three PV701 Doses for Which Doses 2 and 3 Were Up to 

Eight-Fold Higher Than Dose 1 (n = 24 patients, desensitizing regimen) 





Dose 1 


(n = 24) 


Dose 2 (n 


= 23) 


Dose 3 (n 


= 23) 


Dose 1 , Course 2 (r 


= 14) 




Grade 1-2 


Grade 3 


Grade 1-2 


Grade 3 


Grade 1-2 


Grade 3 


Grade 1 -2 


Grade 3 


Adverse Event 


i%) 


1%) 


(%) 


(%) 


(*) 


(%) 


i%) 


[%) 


Fever 


83 


13 


82 


0 


17 


0 


27 


0 


Chills 


54 


0 


39 


0 


17 


0 


20 


0 


Nausea 


46 


8 


22 


0 


30 


0 


13 


0 


Fatigue 


41 


38 


21 


4 


26 


9 


7 


0 


Vomiting 


38 


8* 


4 


0 


17 


0 


7 


0 


Hypotension 


33 


0 


26 


0 


4 


0 


0 


0 



NOTE. Includes all patients at dose levels 1 2/24/24 (four patients), 1 2/48/48 (three patients), 1 2/72/72 (five patients), and 1 2/96/96 X 1 0 9 PFU/m 2 ( 1 2 



patients). 

*ln addition, there was one case of grade 4 vomiting. 



• Oxygen desaturation observed only in patients with 
lung/pleural tumor involvement (13 of 55 patients with 
pulmonary tumor involvement v zero of 24 without 
involvement; P < .01). 

• Pulmonary adverse events (grade s 3, including six 
cases of grade 3 dyspnea) in nine of 55 patients with 
pulmonary tumor involvement. Seven of these nine 
patients had one or more of the following baseline 
characteristics (signs, symptoms, radiographic evi- 
dence): baseline grade 2 dyspnea, lung tumors at least 
5 cm in size, significant pleural effusions, partial or 
complete lobectomy, lobar atelectasis, and lobar con- 
solidation. There were no clinically significant pulmo- 
nary adverse events observed in the 24 patients without 
lung involvement by tumor. 

• Transiently elevated liver transaminases over 200 U/L 
occurred only in patients with liver metastases (18 of 
38 patients with liver metastases v zero of 41 patients 
without; P < .01). 

• An enterocutaneous fistula at the tumor site (with the 
tumor extending from bowel to skin surface) in a 
63-year-old man with a colon carcinoma occurred 9 
days after his first dose of 144 X 10 9 PFU/m 2 . 

Hematology/coagulation profiles. After the first dose of 
the first course of PV701, all patients experienced a tran- 
sient drop in leukocyte and platelet counts with full recov- 
ery to baseline observed within 7 to 14 days, regardless of 
dose level. Clinically significant thrombocytopenia (South- 
west Oncology Group grade 4, nadirs of 19,000 and 23,000 
platelets/ ju,L) and leukopenia (grade 4) were observed in 
two and three patients, respectively. However, these pa- 
tients were carefully monitored clinically with follow-up 
hematology profiles performed 12 hours to 4 days later and 
a rapid recovery in blood counts was observed in all cases. 
No episodes of bleeding or infection resulted from these 
transient drops in counts. The pattern of thrombocytopenia 



and leukopenia was identical for patients who were given 
one dose as for those who were given up to six doses, 
indicating that this phenomenon was due to the first PV701 
dose. The rate of recovery was the same for the single-dose 
patients as for those who were given multiple PV701 doses 
with full recovery noted by day 14 in all patients, including 
those who were given subsequent doses up to 10 times 
higher than dose 1. There were no significant changes in 
leukocyte and platelet counts during subsequent courses. 

There were no significant changes in hemoglobin or 
hematocrit values after PV701 dosing in patients without 
baseline anemia. Grade 3 anemia was reported for six 
patients, all of whom had significant anemia at baseline. 

Specific assays were added to the standard coagulation 
panel to serve as early predictors of potential disseminated 
intravascular coagulation (ie, fibrinogen and fibrin split 
products). There were no dose- or time-related- changes in 
these parameters or in the standard coagulation parameters 
(prothrombin time, partial thromboplastin time) that were 
considered clinically significant and related to therapy. 

Hypoglycemia in patients on oral hypoglycemic agents or 
insulin. Three instances of clinically significant hypogly- 
cemia occurred. All three patients had diabetes (two were 
receiving oral hypoglycemic agents, and one was receiving 
insulin). After the initial PV701 dose, these patients expe- 
rienced nausea and dehydration, resulting in limited oral 
intake. Hypoglycemia was not observed after subsequent 
PV701 dosing. It is unknown whether PV701 administra- 
tion also increased the bioavailability of the hypoglycemic 
therapy. Discontinuing these agents in the immediate post- 
dosing period after dose 1 resulted in no additional episodes 
of hypoglycemia. 

Dose escalations, DLT, and determination of MTD. In 
the single-dose regimen, doses between cohorts were esca- 
lated in two-fold increments from 5.9 to 24 X 10 9 PFU/m 2 . 
As can be seen in Table 5, one adverse event (grade 4 
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Tobte 5. Dose-UmiHng Toxicities 










No. of Portents 


No. of Patients 




Dose Level 


Regimen 


Doses (x 10 r PFU/m ,£ J 


Dose Being Escalated 


Enrolled 


With DLT 


T.— — _ t nix 
Type ot DLT 


1 


Single 


5.9 


First dose 


6 


1 


1 pt with diarrhea (gr 4) 


2 


Single 


12 


First dose 


6 


0 


None 


3 


Single 


24 


First dose 


5 


r 


1 pt with dyspnea t (gr 3} and 
hypoglycemia (gr 3) 


4 


Repeat 


5.9 x 3 


N/At 


6 


l 


1 pt with dyspnea§ (gr 4) 


5 


Repeat 


12x 3 


N/At 


7 


0 


None 


6 


Desensitizing 


12, 24x 2 


Second dose 


4 


0 


None 


7 


Desensitizing 


1 2, 48 x 2 


Second dose 


3 


0 


None 


8 


Desensitizing 


12, 72x2 


Second dose 


5 


0 


None 


9 


Desensitizing 


12, 96 x 2 


Second dose 


12 


1 


1 pt with acute dosing reaction]! (gr 3 
* back pain) 


10 


Desensitizing 


12, 144 x 2 


Second dose 


13 




1 pt with tremors (gr 3) and dehydration 
(gr 3); 1 pt with dehydration (gr 3); 1 
pt with hypoxia (gr 3) which occurred 
during rigors 


11 


Two-week 


12, 96x5 


N/At 


7 


0 


None 


12 


Two-week 


12, 120 x 5 


N/At 


5 


0 


None# 



Abbreviations: DLT, dose-limiting toxicity; pt, patient; gr, grade; N/A, not applicable. 

'Grade 2 hypotension was also observed at this dose level (in three of five patients) and was the only dose-dependent toxicity in the single-dose regimen. Dose 
escalation was stopped to allow an outpatient dosing regimen. The dose of 1 2 X 10 9 PFU/m 2 was therefore established as the outpatient MTD for the first dose 
with grade 2 hypotension as dose limiting. 

fThis patient with baseline compromised lung function had worsening of underlying pulmonary infiltrate after PV701 dosing. See the Results, which describes 
an association of lung/pleural tumor involvement and respiratory adverse events. 

tTolerance of repeat dosing tested rather than dose escalation. 

§T1iis patient with baseline extensive lung metastases and bilateral pleural effusions experienced grade 4 dyspnea after the first dose of 5.9 x 1 0 9 PFU/m 2 and 
did not experience any recurrence with doses 2 and 3 or during a second course. 

j|One patient of the first seven of this cohort had an acute dosing reaction (grade 3 back pain) due to the 96 x 10 9 PFU/m 2 dose. The infusion rate was slowed 
and five more patients enrolled onto this dose level and only one mild dosing reaction occurred (grade 1 abdominal discomfort). 

^Dose escalation of the second dose was stopped at 144 x 10 9 PFU/m 2 due to the occurrence of three dose-limiting toxicities in this cohort. 

#One patient with preexisting compromised lung function died of respiratory failure after receiving only the desensitizing dose of 1 2 x 1 0 9 PFU/m 2 . There were 
no dose-limiting toxicities seen with the dose of 120 X 10 9 PFU/m 2 . 

diarrhea) that met the definition of DLT was seen in the first 
cohort (5,9 X 10 9 PFU/m 2 ) of six patients. Severe diarrhea 
was not seen on subsequent higher dose levels when 
loperamide was given prophylactically at the first sign of 
gastrointestinal side effects. No DLTs were seen in six 
patients in the 12 X 10 9 PFU/m 2 cohort. At the 24 X 10 9 
PFU/m 2 dose level, a DLT (grade 3 dyspnea) occurred in a 
patient with a lung tumor mass and baseline signs of 
pulmonary infiltrate. This patient also experienced grade 3 
hypoglycemia. Dyspnea and hypoglycemia were not con- 
sidered dose dependent in this trial because severe dyspnea 
was associated with patients having lung/pleural tumor 
masses and hypoglycemia only occurred in patients with 
diabetes (discussed in Hypoglycemia in Patients on Oral 
Hypoglycemic Agents or Insulin). 

In the single-dose regimen, the only dose-dependent 
toxicity was grade 2 hypotension, which occurred in three of 
five patients in the 24 X 10 9 PFU/m 2 cohort. Because the 
intention was to establish an outpatient dosing regimen, 
dose 1 was not escalated further. The dose of 12 X 10 9 




PFU/m 2 was therefore established as the outpatient MTD 
for the first dose with grade 2 hypotension as doselimiting. 

The repeat-dose regimen tested for the presence of any 
cumulative toxicity at two dose levels (5.9/5.9/5.9 and 
12/12/12 X 10 9 PFU/m 2 ) in a total of 13 patients. As 
indicated in Table 5, only a single DLT was observed (grade 
3 dyspnea), which occurred in a breast cancer patient with | 
baseline bilateral pleural effusions dosed at 5.9/5.9/5.9 X ? ; 

10 9 PFU/m 2 , the lower of the two dose levels. No cumula- % j 

tive toxicity was seen. A dose of 12 X 10 9 PFU/m 2 was ' j 

therefore chosen as a first dose (or "desensitizing dose") for : 
escalation of the second and subsequent doses in the ' 
desensitizing regimen. | ' 

In the desensitizing regimen, one DLT was observed in i 
the first four cohorts with a total of 24 patients (Table 5). ■* ; 

This acute dosing reaction (grade 3 back pain) at 12/96/96 ( ; 

was attributed to the infusion rate (see Acute Dosing 
Reactions above), which was slowed for subsequent pa- 
tients. In the 12/144/144 X 10 9 PFU/m 2 cohort of 13 
patients, three DLTs were observed and dose escalation was 
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stopped. These events were seen after the 144 X 10 9 
PFU/m 2 dose: grade 3 tremors and dehydration in an 
81 -year-old woman, grade 3 dehydration in a 75-year-old 
man, and grade 3 hypoxia associated with 30 minutes of 
rigors in a man with lung cancer. 

For patients in the 2-week regimen, repeat doses lower 
than 144 x 10 9 PFU/m 2 were therefore tested. There was no 
significant difference in adverse event profile or laboratory 
values for repeat doses of 96 or 120 X 10 9 PFU/m 2 given 
five times over 2 weeks, no cumulative toxicity was seen, 
and patients tolerated equally well either of these doses. 
Therefore, the dose of 120 X 10 9 PFU/m 2 was determined 
to be the second dose MTD. 

Serious Adverse Events and Deaths 

Seven cases of dehydration requiring intravenous fluids 
and/or hospitalization were noted. Most of these cases were 
associated with significant nausea/vomiting and/or diarrhea. 
These events were reversible and did not result in lasting 
effects. As discussed above, patients over age 70 were at 
increased risk for flu-like grade 3 adverse events. 

Three patients with baseline bacterial infections were 
administered PV701 and had episodes of sepsis after PV701 
therapy. Two patients had a baseline urinary tract infection. 
The other patient had baseline fever in the week before 
beginning PV701 treatment and had baseline bacteremia 
immediately before his first dose of PV701. 

There were five patient deaths, four of which were clearly 
attributed to progressive disease occurring during the 
4-week reporting period. The remaining death occurred in a 
55-year-old man with renal carcinoma metastatic to the 
lungs. At baseline, he had compromised pulmonary function 
as a result of previous lobectomies, lobar atelectasis, and an 
8-cm metastasis in one of the two remaining lobes. In 
addition, he was status postradical nephrectomy with a 4-cm 
tumor metastasis in his remaining adrenal gland. This 
patient was enrolled in the 12/120 X 5 doses x 10 9 PFU/m 2 
dose level After an initial (and only) PV701 dose of 12 X 
10 9 PFU/m 2 , he experienced grade 3 hypotension that 
required intravenous hydration and 48 hours of hospitaliza- 
tion. Three days later, he was admitted to a local community 
hospital with complaints of fatigue, lethargy, and severe 
respiratory distress. Mechanical ventilation was advised but 
was declined. The patient died as a result of respiratory 
failure approximately 12 hours later. At autopsy, an en- 
larged subcarinal lymph node (5X4X3 cm) filled with 
partially hemorrhagic and necrotic tumor tissue was re- 
ported as well as a metastatic tumor that measured 8 X 7 X 
6 cm just below the inferior pleural surface of the left upper 
pulmonary lobe. Histologic sections of the left lung were 
reported as showing the presence of localized thrombi only 
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in the tumor vessels with tumor necrosis and severe edema/ 
inflammation only in the tumor-bearing lung and mild to 
absent in the non-tumor-bearing lung. Inflammation was 
not reported in any other organ. 

Response Assessment 

Seventeen patients were not eligible for response assess- 
ment. Twelve patients were removed from the study before 
a radiographic response assessment because of toxicity or 
worsening baseline symptoms. Three patients were taken 
off the study for progressive disease. One patient was 
removed as a result of noncompliance, and one was re- 
moved to receive radiation therapy. 

Of the 62 patients who were eligible for response assess- 
ment, 14 had freedom from tumor progression for 4 to 30+- 
months and two had radiographic evidence of major re- 
sponses. A complete response was documented in a 51- 
year-old man with tonsillar (squamous cell) carcinoma. At 
the time of enrollment, this patient had disease progression 
during cisplatin and radiation therapy (with the most recent 
treatment given in September 1998) as noted by a radio- 
graphic increase during the preceding 3 months. After a 
baseline MRI scan in January 1999 (Fig 1A) demonstrating 
a 1.5-cm tumor in the pharynx, he received PV701 at the 
12/96/96 X 10 9 PFU/m 2 dose level. After one cycle, he 
achieved a radiographic complete response as evidenced by 
resolution of the tumor on MRI. Follow-up scans after 
months 2, 3, and 5 of therapy confirmed the radiographic 
complete response (Fig IB). The patient was noncompliant 
and discontinued therapy between months 5 and7 f An MRI 
scan at month 7 indicated disease progression elsewhere in 
the pharynx (lateral oropharyngeal wall). 

A partial response was documented in a 79-year-old-man 
who had colon carcinoma and had failed capecitabine, 
5-FU, and irinotecan. He had not received any chemother- 
apy in the 2 months before his enrollment into the PV701 
study at the 12/72/72 X 10 9 PFU/m 2 dose level. At baseline, 
he had two liver metastases, the largest one well-circum- 
scribed and measuring 10 cm in maximal dimension (Fig 
2A). His CT scans at month 1 (Fig 2B) and month 2 after 
therapy showed overall tumor regression of greater than 
70%. In addition, immediately after dosing there was a 
spike in carcinoembryonic antigen level (approximately 
4.5-fold increase) followed by a drop to steady-state levels 
at 79% below baseline, shown elsewhere to be further 
indicative of a response. 27 Progression-free survival of 10 
months was observed in this patient. Seven other patients 
with diverse malignancies (including mesothelioma, mela- 
noma, colon carcinoma, breast carcinoma, pancreatic carci- 
noma, and carcinoid) had measurable tumor reduction, 
although less than 50% of the total tumor burden. 
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A 




Fig 1 . Complete response in a man with tonsillar carcinoma. (A) Baseline 
MRI image showing a 1 .5-cm tumor at the junction of the right tongue base 
and tonsillar pillar. (B) MRI image at month 3 showing complete resolution of 
tumor. 



Replacement of Tumor by Inflammatory Cells on 
Histologic Examination 

During the course of PV701 therapy, one patient had 
tumor tissue removed for electron microscopic examination 
and other tissue analysis. This 46-year-old man, who had 
bulky peritoneal mesothelioma that had progressed after 
debulking surgery and intraperitoneal doxorubicin/cisplatin 
and IFN-y, was enrolled at the 12/48/48 X 10 9 PFU/m 2 
dose level in January 1999. During 30 monthly courses of 
PV701, he has remained free from progression, has no 
disease-related symptoms, experienced an improvement in 
performance status (to Eastern Cooperative Oncology 
Group 0), gained muscle mass, and retained a high level of 
physical activity. CT scans performed on a monthly basis 




Fig 2. Partial response in o man with colon carcinoma. (A) Baseline CT 
scan demonstrating 10-cm liver metastasis. (B) CT scan at month 1 demon- 
strating the response. 



have shown up to a 35% reduction in bidimensional 
measurable disease (270 cm 2 at study entry). Elective 
surgery to debulk disease 2 weeks after his last dose of the 
eighth course (in the eleventh month of PV701 administra- 
tion) was unsuccessful. However, histologic examination 
showed a significant fraction of the tumor mass replaced by 
an active inflammatory process with edema in all sections of 
tumor (Fig 3A and 3B). This process consisted predomi- 
nantly of plasma cells. Lymphoid follicles with germinal 
centers were also evident in the tumor, indicating an active 
immune reaction (Fig 3C). Electron microscopy revealed 
PV701 particles at tumor cell membranes (Fig 3D). The 
plasma cell infiltrate and secondary lymphoid follicles were 
not present in previous sections of tumor parenchyma taken 
before enrollment. A normal skin sample removed at the 
time of the patient's tumor excision did. not show any 
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Inflammatory Cells with Edema 




Lymphoid Aggregate 




Lymphoid Follicle with 
Germinal Center 




infill a^TnZnuTJ^T rfter !T?. 1 C ° UrSeS ' Tu ™ P 0 ™^™ (H&E histologic stain) showing (A) inflammation/edema, (B) plasma cell 
mfiltrate, and (C) lympho.d foll.de/aggregate. (D) Electron micrograph shows particles consistent with PV70! budding from the tumor cell membrane 



evidence of inflammation. His serum neutralizing antibody 
titer had reached a plateau level of 1:2,560 at the time of the 
tissue examination. 

In another case, a different pattern of tumor inflammation 
was seen. Autopsy sections from a patient who had ad- 
vanced pleural mesothelioma and died of progressive dis- 
ease (tumor obstruction of the inferior vena cava) were 
reviewed. Lung metastases displayed a mononuclear in- 
flammatory infiltrate mainly at the periphery of the larger 
metastases and throughout the smaller tumor masses (Fig 
4 A and 4B). Also observed in the lung metastases were 
signs of tumor necrosis, including multifocal areas at the 
tumor periphery (Fig 4A). The portion of lung without 
tumor was free of any signs of inflammation (Fig 4C). A 
similar pattern was seen in his liver metastasis (Fig 4D), 
which showed mononuclear inflammatory cells infiltrating 



the tumor but not uninvolved liver distal from the tumor 
(Fig 4E). A diffuse mononuclear inflammatory infiltrate was 
also seen in a mesenteric metastasis (Fig 4F) but not in the 
adjacent normal tissue. No such inflammatory process was 
present in the original biopsy of the primary tumor preced- 
ing PV701 treatment. Unlike the previous case of the patient 
with peritoneal mesothelioma, there was no sign of tumor 
regression in this particular patient and no samples of tumor 
tissue were obtained for viral analysis. 

DISCUSSION 

Among the various clinical tests of replication-competent 
viruses 22 " 25 * 28 ' 29 (Stojdl et al, manuscript submitted for 
publication), the phase I dose escalation study reported here 
is the first study in humans to determine an MTD for 
systemic (intravenous) administration. PV701, an oncolytic 
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Fig 4. Histologic (H&E) tissue sections from a patient with pleural mesothelioma. (A, B) Lung metastasis showing inflammation and multifocal necrosis. (C) 
Lung uninvolved by tumor. (D) Liver metastasis showing inflammation. (E) Liver uninvolved by tumor. (F) Mesenteric metastasis showing inflammation. 
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PHASE I TRIAL OF PV701, AN ONCOLYTIC VIRUS 

strain of Newcastle disease virus was studied because it 
demonstrated preclinical activity against a wide range of 
human tumors in vitro and in vivo and is active by the 
intravenous route. Importantly, Newcastle disease virus has 
previously been shown to lack pathogenicity in humans 
after low-dose administration 3,8 ' 20 * 21 - 30 mainly as a compo- 
nent of oncolysate tumor vaccines. 8,20,21 This phase I study 
characterized the toxicity profile for intravenous PV701 
dosing and demonstrated the feasibility and potential benefit 
of systemic (intravenous) oncolytic virus administration. 

As expected from previously published reports on New- 
castle disease virus serologic surveys, 31,32 only one of the 
32 patients tested was found to have neutralizing antibody 
before administration of the virus. After dosing with PV701, 
the majority (27 of 29) of patients tested developed varying 
levels of neutralizing antibody. Neutralizing antibody titers, 
even with multiple courses, reached a moderate plateau 
level of -1:2,560, including a patient who received repeated 
cycles of PV701 for more than 18 months. Of potential 
clinical significance, signs of efficacy (eg, tumor regres- 
sions) were observed in patients after formation of these 
antibody titers. 

Low levels of viral shedding were observed and found 
generally to be transient. Recovery of virus from sputum 
was rare, was of low level, occurred only after the first cycle 
of virus administration, and always cleared within a maxi- 
mum of 14 days. Recovery of virus from urine after the first 
cycle of PV701 was more common but again did not persist, 
being cleared within 3 weeks. Transient viruria was 
observed less frequently after subsequent cycles but did 
occur despite the presence of neutralizing antibodies. 
Ultimately, the incidence of transient viruria diminished 
to zero among patients who received PV701 for seven or 
more cycles. Relative to the environmental impact of 
shedding on the most susceptible host species (chickens), 
the observed levels of PV701 shedding are orders of 
magnitude below the standard avian vaccine dose re- 
quired for an antibody response. 33,34 

The low and transient viral shedding seen in this study 
may be part of the explanation for the lack of any observed 
human-to-human transmission seen with PV701. This find- 
ing is in agreement with data from other clinical trials using 
Newcastle disease virus 3 and with other human experience 
with the virus. 3,6 

The acute toxicity of PV701 principally consisted of 
flu-like symptoms (fever, chills, fatigue, headache, nausea, 
vomiting, and diarrhea) and dose-dependent hypotension 
that occurred 4 to 24 hours after PV701 dosing. Older 
patients (>70 years) and those with anemia (hemoglobin < 
1 1 g/dL) were found to be more likely to experience flu-like 
symptoms of greater severity. Acute toxic effects have been 
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shown in animal models to be a result of Newcastle disease 
virus-induced release of proinflammatory cytokines, in- 
cluding type I IFNs and TNF-a. 35 " 39 Levels of type I IFN, 
IFN-y, TNF-a, and IL-6 were elevated in patients in this 
study after the first dose of PV701, with levels first detected 
by 6 hours and peaking at hour 20. This pattern paralleled 
the time course of the flu-like symptoms (eg, fever was 
consistently noted between hours 4 and 20). Antipyretics 
and antidiarrheal agents reduced the incidence and severity 
of these toxicities. 

Just as tachyphylaxis develops in mammals, including 
humans, with repeat IFN and TNF dosing, 40 " 42 a striking 
reduction in the incidence and severity of PV701 -mediated 
acute toxicity on repeat dosing was observed (Table 4). This 
phenomenon, termed "desensitization," was first observed 
with PV701 in the rodent models and applies to effects on 
toxicity but not efficacy. In preclinical testing using human 
tumor xenografts in athymic mice, efficacy increased with 
repeat dosing and toxicity was markedly reduced. After 
intravenous administration of 3 X 10 s PFU, mice tolerated 
subsequent intravenous doses of 1 X 10 10 PFU, indicating 
at least a 10-fold increase in the MTD. 2 As fully predicted 
by these preclinical studies, this desensitization phenome- 
non allowed a 10-fold increase in the MTD observed in this 
trial with a first dose MTD of 12 X 10 9 PFU/m 2 and a 
second dose MTD of 120 X 10 9 PFU/m 2 . The reduction in 
adverse event profile seen with the second PV701 dose 
compared with the first dose paralleled the reduction in 
serum cytokine levels seen after second PV701 dose, 
suggesting a causative role of proinflammatory cytokines in 
the clinical toxicity of PV701. As seen preclinically in both 
immunodeficient and immunocompetent mice, this desensi- 
tization phenomenon in patients does not depend on the 
development of antibodies to PV701 because it is seen as 
early as 2 days after the first PV701 dose (when antibodies 
are not detectable). 

Desensitization also occurred with respect to transient 
drops in platelet and WBC counts. IFN and TNF-a are 
known to cause transient changes in blood cell counts as a 
result of margination 40 * 43 ' 47 A previous study by Merrigan 
et al, 30 using single doses (from 10 6 to 10 8 PFU/patient) of 
Newcastle disease virus, orders of magnitude below the 
doses tested in this trial, verified a dose-dependent induction 
of IFN in the serum of 17 patients along with fever and a 
transient leukopenia. In the present study, these transient 
hematologic changes were induced by the first dose of 
PV701. Leukocyte and platelet levels recovered during the 
first course of repeat dosing, even when doses were 10-fold 
higher than the first dose. Importantly, the leukopenias and 
thrombocytopenias were not correlated with signs of infec- 
tion or bleeding, and the degree and rate of recovery did not 
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require therapeutic intervention. The lack of cumulative 
effects seems to be consistent with margination of leuko- 
cytes and platelets rather than a consumptive process. 

There was no observed cumulative toxicity associated 
with prolonged repeated PV701 dosing including a total of 
116 repeat courses given to a total of 39 patients, One 
patient has had more than 30 courses of PV701 with no 
evidence of an adverse effect on any organ system. Because 
of desensitization and the lack of cumulative toxicity, an 
overall dose intensification of more than 100-fold was 
achieved in this trial (Table 1). 

Tumor site-specific inflammatory reactions were also 
seen. In this study, two patients with palpable tumors 
(colon cancer with a scalp metastasis and tongue cancer) 
developed inflammation and edema localized to the 
tumor sites. Histologic confirmation of tumor site-spe- 
cific inflammation was obtained from representative pa- 
tients. In one patient with metastatic pleural mesotheli- 
oma, tumor necrosis and a mononuclear cell inflam- 
matory infiltrate were observed only at tumor sites 
without any involvement of normal tissue, including 
tissue adjacent to disease sites (Fig 4). Evidence of such 
tumor inflammation as seen in this trial raises a question 
about the determination of responses by traditional im- 
aging criteria, especially in future phase II trials. 

Tumor site-specific effects were also observed in patients 
with tumor involvement of the lung and liver. Oxygen 
desaturation, for example, was observed only in patients 
with pulmonary/pleural-based tumors (13 of 55 with in- 
volvement v zero of 24 without; P < .01). Significant 
elevation in liver enzymes was also limited, occurring only 
in patients with liver metastases ( 1 8 of 38 v zero of 4 1 ; P < 
.01). In addition, there was no evidence of generalized 
hepatocyte toxicity because total serum protein and clotting 
times remained comparable to baseline. Furthermore, the 
typical pattern of liver enzymes (elevated gamma glutamyl- 
transferase and alkaline phosphatase disproportionate to 
transaminases; and AST > ALT) was indicative of pressure 
on the canaliculi and cholangioles from a space-occupying 
effect rather than hepatocellular damage from hepatitis. 48,49 
Of cautionary note for future trials, patients with malig- 
nancy extensively replacing normal lung tissue, particularly 
if baseline pulmonary dysfunction exists, seem to be at risk 
for severe pulmonary toxicity. One such patient with pre- 
existing compromised lung function died of respiratory 
failure. Severe edema and inflammation was found local- 
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ized to the tumor-bearing lung along with thrombosis 
confined to the tumor vessels. 

Response assessment was not the focus of this phase I 
study, especially because, in this dose escalation study, 
most patients received low, potentially suboptimal dose 
intensities (Table 1). However, 62 patients were assessable. 
Evidence of efficacy included progression-free survival 
from 4 to more than 30 months in 14 patients who had clear 
evidence of disease progression before initiation of PV701. 
Furthermore, two radiographic objective responses (com- 
plete response and partial response) were documented and 
seven other patients had measurable tumor reductions, 
although not to the degree of a partial response. A 46-year- 
old man with advanced peritoneal mesothelioma unrespon- 
sive to intraperitoneal chemotherapy, with bulky disease 
(four 8- to 10-cm masses with total bidimensional measur- 
able disease of 270 cm 2 ) at baseline, has received more than 
30 courses of PV701, has maintained an improved perfor- 
mance status (Eastern Cooperative Oncology Group 0), has 
had a radiographic minor response (of 35% tumor regres- 
sion), and has experienced no cumulative toxicity. Evidence 
of a direct oncolytic effect of PV701 in this patient was 
found on biopsy after 11 months of PV701 administration. 
PV701 particles were observed budding from tumor cell 
membranes, and the tumor mass was extensively filled with 
mononuclear inflammatory cells (especially plasma cells) 
replacing tumor, indicating that PV701 had gained access to 
the tumor and was replicating there despite the presence of 
serum neutralizing antibody. In comparison to this patient 
with one of the largest tumor burdens enrolled onto the 
study, the patient with the smallest tumor burden (1.5 cm, 
tonsillar cancer) experienced a complete radiographic re- 
sponse after three doses of PV701. 

Collectively, these observations support the concept that 
systemic therapy with the replication-competent virus 
PV701 can provide a novel and potentially important 
therapy for patients with solid tumors, including those 
unresponsive to standard therapy. Moreover, long-term 
intravenous virus therapy seems to be feasible in humans 
and may play an important role in the treatment of solid 
tumors. Additional clinical studies of PV701 have begun. 
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Abstract Newcastle Disease Virus (NDV) has interesting 
antineoplastic and pleiotropic immune stimulatory properties. 
The virus preferentially replicates in and kills tumor cells and 
appears to be safe and to varying degrees effective in phase 
II-clinical studies in the US and in Europe. Here we have 
compared various lytic and non-lytic strains of NDV with 
regard to their antitumor effects after local or systemic 
application. As tumor models we used human metastatic 
melanoma xenotransplants in nude mice and murine metastatic 
colon carcinoma (CT26), renal carcinoma (RENCA) and 
lymphoma (ESb) cell lines. I ntra or peri-tumoral a pplication 
nf NTYV nr NDV infected tumor cells showed more pronounced 
anti tumor activity than systemic ap plication even when in the 
latter case mucrT KTgner aose ranges wer e used. In the CT26 
colon carcinoma model the non-Iytic~strain Ulster showed 
stronger antitumor activity than the lytic strain 73T. In the 
human MeWo melanoma xentransplant model strong anti- 
tumor bystander effects were observed by 20% admixture of 
melanoma cells pre-infected in vitro with NDV (either strain 
Ulster or Italien). Virus therapy of pre-established human 
melanomas by intra-tumoral injection of NDV was effective 
with the lytic strain Italien but not with the non-lytic strain 
Ulster. Systemic anti- metastatic effects were never observed 
with NDV alon e in contrast to previous results obtained with 
NDV modified tumor vaccines. 

Introduction 

Interest in the exploitation of the anti-neoplastic properties of 
viruses (1) and, in particular, of the avian paramyxovirus NDV 
(2) has steadily increased in recent years, as exemplified and 
reviewed by two recent editorials (3,4). Decades of NDV 
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treatment of cancer patients (4) have resulted in various modes 
of application e.g. i) use of oncolytic virus strains such as 
NDV 73T for production of oncolysates as tumor vaccines 
(5), ii) use of non-lytic virus strains such as NDV Ulster for 
production of live virus-modified tumor cell vaccines (6-11) 
and iii) use of veterinary vaccine strains such as MTH-68 as 
inhalation vaccine for systemic treatment and non-specific 
immune stimulation (12). 

No comparative studies have hitherto been performed to 
evaluate the relative effectiveness of different NDV strains in 
different tumor systems and different modes of application. 
Here we report on experiments performed over many years 
with metastasizing human and animal tumors in mice in which 
we tested various NDV applications, either locally at the tumor 
site or systemically. We demonstrate antitumor activity of 
various NDV strains when applied locally but not after 
systemic (i.v. or i.p.) application. 

Materials and methods 

Virus source and propagation. NDV 73T (5) was obtained in 
1990 from W.A. Cassel (Atlanta, GA, USA). NDV Italien was 
obtained in 1986 from H.D. Klenk (University Giessen, 
Germany). NDV Ulster 2 C (13) was obtained in 1984 from 
P.H. Russel (University London, England). All virus batches 
were propagated in embryonated chicken eggs, purified by 
ultracentrifugation and quantified by hemagglutination as 
described previously (8). Viral replication tests in vitro in 
various tumor lines revealed monocyclic replication for NDV 
Ulster and multicyclic replication for NDV Italien (14). For 
NDV 73T multicyclic replication and tumor selectivity have 
been described (15,16). 

Tumor luxes and cell culture. MeWo-Met is a metastatic subline 
of the human melanoma line MeWo. It was obtained by us as 
follows: MeWo tumors were first established in nude mice 
by s.c. transfer of newborn mouse brain aggregates (17) which 
had been invaded in vitro for 48 h with MeWo tumor cells. 
Eventually occurring lung metastases in mice were re-isolated 
and cultured. The in vivo selected variant line MeWo-Met was 
shown to be more metastatic than the parental line MeWo. 
ESb-LCI represents a metastasizing murine lymphoma, 
genetically marked with the bacterial lacZ-gene. This allowed 
visualization at the single cell level of scattered metastatic 
spread in the liver (18). The murine B ALB/c derived renal cell 
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carcinoma line RENCA (19) and the BALB/c derived 
chemically-induced colon carcinoma line CT26 (20) were 
obtained from I.J. Fiddler (MD Anderson Cancer Center, 
Houston, TX, USA). All tumor lines were cultured in RPMI- 
1640 medium as described (21). 

Virus infection of tumor cells in vitro and functional testing 
for T cell stimulatory capacity. The various tumor cell lines 
were infected with NDV according to our standard protocol 
(6,8). It was shown that virus infection of tumor cells 
introduced adhesive and costimula{pry immune functions in 
the tumor cells (21,22). Furthermore, modification of tumor 
cells by a low dose of NDV (standard protocol) caused 
augmentation of tumor specific T-cell responses in the absence 
of an antiviral response (23). This augmented response was a 
result of CD4 and CD8 immune T cell cooperation (24) and 
involved the induction of interferon-a, B (25). To stimulate a 
secondary tumor specific cytotoxic T cell (CTL) response 
in vitro, tumor cell membrane integrity and viability was found 
to be very important (26). Tumor cell lysates were ineffective 
(26,27). Virus potentiation of tumor vaccine T cell stimulatory 
capacity required cell surface binding but not infection (28). 
The viral hemagglutinin-neuraminidase molecule (HN) was 
shown upon transfection to augment peptide specific CTL 
responses (29). 

Tumor transplantation and treatment. For tumor trans- 
plantation, the indicated numbers of cells from the cultured 
tumor lines were suspended in 100 \il PBS and injected at the 
sites indicated. Local intra- or peri-tumoral NDV treatment 
was performed with a syringe with the indicated amounts of 
virus suspended in 100 ^1 PBS and distributed as well as 
possible. Systemic treatment was performed by tail vein or 
intraperitoneal injection of the indicated amount of virus in 
100 Hi PBS. 

Evaluation of tumor growth and host survival Local tumor 
growth was determined at regular intervals by calculating either 
the tumor area or the tumor diameter from two rectangular 
determinations [(a+b)/2]. 

Biostatistics. The log-rank test was applied to evaluate 
whether the survival curves of experimental groups differed 
significantly. Exact tests were performed by means of the 
software package Stat Xact (Cytel, San Diego, CA, USA). 

Results 

Local antitumor effects of NDV. We first tested local anti- 
tumor effects of NDV on human tumor ceils xenotrans- 
planted into nude (nu/nu) mice. As model system we used a 
selected invasive and metastatic subline of the melanoma line 
MeWo (MeWo-Met). Four weeks after s.c. transplantation of 
SxiO 6 cells large tumors developed (Fjg. 1 A). When mice were 
injected instead with the same amount of tumor cells infected 
before with NDV Ulster according to an established protocol 
(6,8) no tumor growth in nude mice could be detected (data 
not shown). In order to test for a possible bystander effect of 
virus-infected tumor cells on non-infected tumor cells we 




Figure I. Effects of admixture of virus infected human melanoma (MeWo- 
Met) cells on the growth of non-infected human melanoma cells in nude 
mice. A, shows photographs of tumor-bearing control mice one month after 
s.c. inoculation of 5x10 s non-infected MeWo-Met cells. B, shows almost 
complete absence of tumors in the experimental group in which 1x10 s NDV 
Ulster infected MeWo-Met.cells were admixed to the 5x10 s uninfected 
tumor cells. 



IxlO 6 NDV-infected MeWo-Met cells. As can be seen from 
the photographs of Fig. IB, taken four weeks later, a dramatic 
tumor growth inhibitory effect was seen with addition of only 
20% of virus infected cells. Only just visible tumors had 
developed up to this time point with NDV Ulster, a result the 
more remarkable because NDV Ulster was shown to have 
only a monocyclic replication cycle in tumor cells. The effect 
cannot be explained by virus spreading because the tumor 
cell produced virions are non-infectious (8,28). 

Fig. 2A shows the whole kinetics of tumor growth in the 
two groups of Fig. 1 as well as from a third group. In the third 
group, 5xl0 6 melanoma cells were admixed with ixlO 6 NDV 
Italien infected melanoma cells. The virulent strain Italien in 
contrast to the avirulent strain Ulster can spread in vivo and 
infect neighbouring tumor cells. It can be seen that over a time 
course of two months there was a complete suppressive effect 
on tumor growth when using NDV Italian and a strong but not 
complete suppressive effect with the non-virulent strain NDV 
Ulster. 

Fig. 2B shows the direct therapeutic effects of virus 
treatment of established human melanoma cells growing in 
nude mice. After xenotransplantation of the metastatic Me Wo 
subline MeWo-Met, local tumors were first allowed to establish 
for about four weeks. Treatment then started by intra-tumoral 
injection of either virus free allantoic fluid in the control group 
or of allantoic fluid containing NDV Italian. This treatment 
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Figure 2. Antitumor effects of NDV in a human melanoma (MeWo-Met) 
xenotransplant model. A, antitumor effects of human melanoma cells 
infected in vitro with either non-lytic NDV Ulster or lytic NDV Italian upon 
admixture to an excess of uninfected MeWo-Met human melanoma cells 
upon xenotransplantation into BALB/c (nu/nu) mice. Note the complete 
tumor-suppressive effect of NDV Italian infected cells which could be 
explained by virus spreading and oncolysis of the non-infected cells. The 
tumor suppressive effects of NDV Ulster infected cells, the results of which are 
also shown in Fig. 1, cannot be explained by virus spreading because the 
tumor cell produced virions of this NDV strain are non-infectious (21). B, virus 
therapy of established human MeWo-Met melanoma xenotransplanted in 
nude mice. After four weeks when the tumor had established, the virus therapy 
was started by direct inoculation of the oncolytic strain NDV Italian using 
25-250 hemagglutinating units per treatment The time points of treatment are 
indicated by arrows. Mice of the control group were injected in parallel with 
virus-free allantoic fluid. The virus or the control fluid was inoculated directly 
into the tumor by means of multiple inoculations. Tumor growth was followed 
regularly over a period of about 3 months. Note that in the control groups 
there was a continuous and steady tumor growth while under virus therapy 
the growth of this highly malignant human melanoma line was stopped. 



or the control fluTa was inoculated directly into the tumor by 
means of multiple inoculations and the tumor growth in the 
treated and control groups was followed regularly over a period 
of about three months. It can be seen that further growth of 
this highly malignant human melanoma line was completely 
prevented in the group treated with the NDV Italien. In 
contrast, in the control group there was a continuous and 
steady tumor growth. 

At the end of the experiment the animals were sacrificed 
and investigated histologically. While the virus treatment had 
profoundly affected the local tumor growth it had not 
significantly affected metastasis formation by this tumor. 
Similar numbers of metastases were seen in lungs and livers 
of control and virus treated animals. Nine from 21 organs 
(lung, liver, spleen) were metastasized in the control as well 
as in the virus treated group (Table I). 

Nevertheless, the local therapy effects on established 
human tumors were highly significant. Such effects could 
only be obtained with virulent NDV strains with multicyclic 
replication patterns and ability to spread within the 
neighbouring tumor tissue. Only marginal antitumor effects 
were obtained in this test system with less aggressive NDV 
strains including Ulster with monocyclic replication patterns 
and no ability of virus spread to neighbouring tumor tissue 
(data not shown). 

Three syngeneic aggressive metastasizing animal tumor 
models which are frequently in use for evaluating therapy 
effects, were used to further investigate possible effects of 
tumor cell infection by NDV on tumor growth and host 
survival. Fig. 3 show_s survival curves of either BALB/c mice 
injected with syngeneic CT26 colon carcinoma cells (A) or 
of DBA/2 mice injected with syngeneic ESb-LCI lymphoma 
cells (B). While mice of the control groups were injected s.c. 
with non-infected tumor cells from established cell lines, mice 
of the experimental groups were injected with the same number 
of cells pre-infected in vitro with the non-virulent strain NDV 
Ulster at a dose of 30 hemagglutinating units (HU) per 10 7 cells. 
As can be seen, mice injected with the virus modified tumor 
cells survived significantly longer than the controls. 

We also tested for virus therapy of established CT26 colon 
carcinomas. CT26 tumors growing intradermally in BALB/c 
mice were treated at a size of 6-8 mm diameter with either 
NDV Ulster or NDV 73T. As can be seen from Fig. 4, the 
intra- and peri-tumoral application of 1,000 HU o^NDV Ulster 



Table I. Absence of anti-metastatic activity of systemic NDV in a human melanoma xenotransplant model. 



Tumor transplantation 0 


NDV treatment 6 


No. of animals with metastases' 1 


Animals without 


day 0 


days 42, 54, 76 


in lung liver spleen 


metastasis 


I MeWo-Met. s.c. 




5 4 0 


0 


II MeWo Met. s.c. 


+ 


3 5 1 


1 



°MeWo-Met cells (a metastatic subline of MeWo-Met) were co-cultured for 5 days with embryonic mouse tissue aggregates to select for 
invasive cells. Five hundred tumor cells containing tissue aggregates were then transplanted s.c. in the neck region of nu/nu mice. Seven 
mice per group, treatment was started when primary tumors had reached a size of at least 0.5 cm diameter. The control group (I) received 
200 \i\ virus-free allantois fluid i.v. and the experimental group (II) 200 \i\ NDV Italian allantois fluid i.v. The virus dose was 2,000 HU. 
c Presence or absence of organ metastases was verified by standard histopathology. 
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Figure 3. Antitumor effects of tumor cell infection by non-lytic NDV Ulster 
on their growth in syngeneic mice. Cells from the BALB/c derived colon 
carcinoma line CT26 (A) or from the DBA/2 derived aggressive lymphoma 
line ESb-LCI were in vitro infected with NDV Ulster (30 HU per 10 7 cells) 
and then transplanted in parallel with umransfected cells. CT26 celts were 
used at a dose of 10* cells s.c. (A) and ESb-LCI cells at a dose of 10 4 cells 
intradermal ly (B). Note that there was a significant prolongation of host 
survival in experimental vs control groups. 



at days 8, 1 1, 13 and 15 after tumor inoculation led to complete 
tumor remission by day 40. In contrast, a similar treatment with 
NDV 73T had no antitumor effect in this colon carcinoma. 

Having tested xenogeneic and syngeneic tumor-host 
combinations we next investigated possible antitumor effects 
of NDV in allogeneic tumor-host combinations. When CT26 
colon carcinoma cells with or without virus infection were 
transplanted into allogeneic but major histocompatibility 
complex (MHC) identical DBA/2 mice (10 mice per group) 
there was a 100% tumor take with non-infected CT26 and 
with NDV 73T infected CT26 cells while with NDV-UIster 
infected CT26 cells there was only a 30% tumor take (Fig. 5A). 
The survival curves (Fig. 5B) of mice injected with CT26 or 
NDV 73T infected CT26 cells were similar and showed 30% 
survival after 2 months. In contrast, the survival curves of the 
mice injected with NDV Ulster infected CT26 cells were 
significantly different resulting in 70% long-term survivors. 
Thus, in the allogeneic strain DBA/2 in which CT26 tumor 
growth was less aggressive, the antitumor effect of NDV 
Ulster was stronger than in the syngeneic situation (compare 
Fig. 5B with Fig. 3A). Surprisingly, the oncolytic strain NDV 

tit —~ ♦:..:*. . * *t_ _ pt^ r t i _ i 
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Figure 4. Virus therapy of established CT26 murine colon carcinomas in 
syngeneic mice. 10 6 CT26 cells were injected i.d. into BALB/c mice (10 mice 
per group) and allowed to grow for 8 days to a size of 6-8 mm diameter. 
While the control group I was left untreated, group II was treated with NDV 
Ulster and group III with NDV 73T. Treatment consisted of intra- and peri- 
tumoral injection of 1,000 HU NDV at days 8, U t 13 and 15 (see arrows). 
Note that in group II there was complete tumor remission although with 
large individual variations, while in group III there was progressive tumor 
growth similar to the control. 
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Figure 5. Effects of NDV infection on murine CT26 colon carcinoma cell 
growth in allogeneic MHC identical but minor histocompatibility antigen 
different DBA/2 mice. BALB/c derived CT26 colon carcinoma cells were 
infected in vitro with either non-lytic NDV Ulster or with lytic NDV-73T 
(30 HU/10 7 cells). 10 5 non-infected or NDV infected cells were inoculated 
into three groups of mice (10 animals per group). A, shows the maximal 
tumor take rate and B, shows their long-term survival. Note that the virus 
strain NDV Ulster confered in this model a significant antitumor effect 
although it is much less virulent than the lytic strain 73T which showed no 
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Figure 6. Effects of NDV infection on murine RENCA renal carcinoma cell 
growth in allogeneic DBA/2 mice. Cells of the BALB/c derived renal 
carinoma cell line RENCA were in vitro infected with either NDV Ulster or 
NDV 73T as in Fig. 5 using 100 HU/10 6 cells. 10* of such virus infected or 
non-infected cells were then transplanted s.c. into allogeneic but MHC 
identical DBA/2 mice and tumor take (A), growth and host survival (B) was 
followed over a period of two months. Note that in this tumor model there 
were significant antitumor effects upon infection with both types of NDV. 
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Figure 7. Absence o'f systemic antitumor effects of intravenous NDV 
treatment on disseminated ESb lymphoma cells. A, groups of DBA/2 mice 
(8 per group) were injected i.v. with decreasing numbers of syngeneic ESb- 
LCI cells to establish a tumor dose-survival response relationship. B, groups 
of DBA/2 mice (8 per group) were injected at day 0 i.v. with 10 4 ESb-LCI 
cells and then treated i.v. at days 1 ( 4 and 8 with the indicated amounts of 
NDV Ulster or NDV 73T. Note that in comparison to the untreated group 
(V) there was no shift of the survival curves to the right upon treatmenL 



neither in syngeneic BALB/c (Fig. 4) nor in allogeneic DBA/2 
mice (Fig. 5B). 

The results of a similar experiment performed with RENCA 
renal carcinoma cells which are also derived from BALB/c 
mice are illustrated in Fig. 6. While RENCA tumor take in 
" DBA/2 mice with uninfected cells was 70%, with NDV Ulster 
infected cells it was only 30% and with NDV 73T infected cells 
40%. From Fig. 6B it can be seen that long-term survival 
corresponded to these tumor take rates. Thus, both NDV Ulster 
and NDV 73T showed in this allogeneic renal carcinoma model 
similar trends of antitumor activity, both with respect to local 
tumor growth (Fig. 6A) and host survival (Fig. 6B). No anti- 
tumor activity was seen, however, with RENCA tumor cells 
modified by NDV Ulster or NDV 73T in syngeneic BALB/c 
mice (data not shown). 

Sy stemic effects of NDV on metastatic tumor cells . In order to 
"evaluate possible systemic effects of intravenously inoculated 
NDV on tumor micrometastases and host survival we first 
inoculated metastatic murine tumor cells intra-venously and 
then treated them with either NDV Ulster or NDV 73T. Fig. 7 
illustrates results obtained in the ESb lymphoma model of 
DBA/2 mice. In the experiments reported in Fig. 7A we first 



titrated the tumor cells i.v. and tested for host surival. When 
using 10 4 or 10 3 tumor cells i.v., all the mice died within 2-3 
weeks while with 10 2 and 10 1 . tumor cells only about 50% of 
the mice died within 2 months. We then performed the NDV 
treatment experiment with 10 4 ESb tumor cell s. It can be 
seen that no survival be nefit could be obtained by any of th e 
MCiZ trf»ntm~nW *ppM [His was true in spite of the fact th at 
we used rather high virus dos es, repeated injections an d 
differe nt strain^ Of NDV. A similar experiment, in which 
'NDV was applied i.p. instead of i.v. (Fig. 8) also showed no 
improvement in survival. Instead there was a significant 
(p=0.0003) detrimental effect of systemic high-dose 
(> 10,000 HU) NDV treatment on host survival. A survival 
benefit should have been seen if the tumor dose had been 
reduced by 1 or 2 log 10 units (see A). The results, however, 
do not exclude small antitumor effects (<90% reduction in 
cell number; e.g. from 10 4 to >10 3 ). 

We also tried to affect intravenously injected CT26 
carcinoma cells (10 6 cells in DBA/2 mice) by treating them 1, 
4 and 7 days later with different doses of either NDV Ulster or 
NDV 73T. Both viruses were applied at rather high doses of 
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Day after I.v. ESb tumor cell Inoculation (10 cells) 

Figure 8. Absence of systemic antitumor effects of intraperitoneal NDV 
treatment on disseminated ESb lymphoma cells. The experimental protocol 
was similar to that of Fig. 7. Note that in comparison to the untreated group 
(IV) there was a shift of the survival curves to the left (shorter survival) rather 
than to the right upon treatment 




Day after l.d. CT26 tumor cell Inoculation (10 cells) 

Figure 9. Absence of systemic antitumor effects of intravenous NDV 
treatment on disseminated murine CT26 colon carcinoma cells in allogeneic 
DBA/2 mice. Groups of DBA/2 mice (8 per group) were injected at day 0 i.v, 
with 10 6 CD26 cells and then treated i.v. at days 1 , 4 and 7 with the indicated 
amounts of NDV Ulster or NDV 73T. Note that in comparison to the untreated 
group (I) there was no shift of the survival curves to the right upon treatment. 



either 5,000 or 1,000 HU. As can be seen from the survival 
curves of Fig. 9 in none of the treated groups a survival benefit 
was seen. There was a significant detrimental effect on host 
survival when using 5,000 HU NDV 73T. 

Discussion 

We previously reported on the usefulness of NDV for 
introducing into autologous live cell tumor vaccines pleio- 
tropic immune stimulatory properties (8,21,30,31). Recently 
we showed that NDV infection of human melanoma cells 
induces a B7.1/B7.2 independent T cell costimulatory activity 
(32). In these studies we used the non-lytic, non-virulent 
lentogenic NDV strain Ulster in order to maintain tumor cell 
viability and immunosenicitv (26.27). Cassel p.t al introduced 



the oncolytic strain NDV 73T which they used to produce 
viral oncolysates as vaccines for post-operative treatment of 
stage II malignant melanoma (5). Csatary et al applied the 
veterinary vaccine strain MTH-68 directly as an inhalation 
vaccine to late stage cancer patients (12). With all these 
different concepts and modes of application clinical benefits 
have been reported (5,9-12,30). Nevertheless, it remains 
unclear under which circumstances each virus strain might 
give optimal therapeutic effects. 

In this study we compared three NDV strains, two of 
which (73T and Italien) are lytic and one (Ulster) non-lytic. 
All three strains share the property of replication competence 
in tumor cells. NDV Ulster has an abortive and monocyclic 
replication mode in tumor cells and cannot spread in tumor 
tissue because the tumor produced virus progeny is non- 
infectious (8,21). In contrast, NDV 73T and Italien show lytic 
and multicyclic replication cycles in tumor cells and can spread 
in tumor tissue (14-16). Lytic in contrast to non-lytic strains can 
be quantified by their cytopathic plaque-forming activity. For 
the purpose of this study, the amounts of virus of the different 
strains applied was based on hemagglutinating activity, a 
property shared by all NDV strains. 

Before discussing the results obtained in detail, some 
additional information should be given, i) Infection of tumor 
cells by non-lytic NDV Ulster (30 HU/10 7 cells) eventually 
leads to tumor cell death. The time period required for this 
depends on the tumor line tested and varies between 1-3 days 
(31; unpublished data). This period is sufficient for elicitation 
of a delayed-type hypersensitivity (DTH) skin response which 
peaks 24-48 h after vaccination, ii) NDV Ulster and NDV 73T 
were shown to replicate selectively in tumor cells (8,15,16). 
No viral replication has been reported in normal cells except 
for embryonic chicken chorioallantoic membrane epithelial 
cells (8). iii) Due to this tumor selectivity of virus replication, 
negative side effects of NDV in cancer patients have hardly 
ever been reported (4). iv) In spite of tumor selectivity of NDV 
replication, the virus also binds to normal cells which express 
sialic acid containing gangliosides as ubiquitous virus receptors. 
Systemically applied NDV is therefore likely absorbed by 
normal cells thereby preventing its targeting to remote tumor 
tissue. To overcome possible absorption by normal cells we 
used in this study for systemic application much higher virus 
doses than for local application. 

Antitumor effects of NDV were much stronger when 
applied locally than systemically. This can be best exemplified 
with the aggressive ESb-LCI mouse lymphoma tumor model. 
Fig. 3 illustrates highly significant. local antitumor effects 
which were observed when 10 4 tumor cells that were 
transplanted i.d. had been infected before with 0.03 HU NDV 
Ulster (30 HU/10 7 cells). The same q firnhpr nf ttimnr rftlk, 
injected i.v., could not be successfully treated svstemica llv 
" by NDV being applied either i.v. (Fig. 7) or i.p. fFi fl . 8). The 
virus doses were applied even three times and ranged from 
1,000 and 5,000 HU (Fig. 7) to 10,000 and 50,000 HU (Fig. 8). 
They were thus 10M0 6 times higher than in Fig. 3. Neither 
strain Ulster nor strain 73T were capable, upon systemic 
delivery, to transfer any tumor protective activity which 
should have translated into improved survival, as in Fig. 3. 
The difference between local effectivity and systemic 
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ifteffeitivfe tumor targeting of NDV upon systt application. 
The virus'doses used in Fig. 8 were close to maximal tolerated 
doses (MTD) and caused already detrimental effects on overall 
survival. 

NDV Ulster and 73T were equally capable of confering 
local antitumor activity in the murine renal carcinoma model 
RENCA. When virus-infected and non-infected tumor cells 
were transplanted into DBA/2 mice, there was a reduction in 
% tumor take (Fig. 6A) and an improvement in % survival 
(Fig. 6B) in case of virus-infected cells. Since in syngeneic 
BALB/c mice no such differences were observed between 
virus-infected and non-infeoted RENCA tumor cells, the 
virus-mediated effects seen in Fig. 6 are likely due to helper 
effects in immune responses of DBA/2 mice against BALB/c 
RENCA tumor associated minor histocompatibility antigens. 

In the BALB/c derived murine CT26 colon carcinoma 
tumor model NDV 73T was totally ineffective. Neither local 
(Fig. 4) nor systemic (Fig. 9) antitumor effects could be 
observed. Even in allogeneic DBA/2 mice no local antitumor 
effects could be seen with NDV 73T (Fig. 5). In contrast, NDV 
Ulster was locally effective in this tumor, both in syngeneic 
(Fig. 4) and allogeneic (Fig. 5) mice. Even when CT26 
tumors were first allowed to establish in syngeneic mice to a 
size of 6-8 mm diameter, subsequent intra- and peri-tumoral 
treatment with strain Ulster caused complete tumor remissions 
(Fig. 4) while treatment with strain 73T was ineffective. 
Infection with NDV Ulster was also effective in human MeWo- 
Met melanoma cells to suppress tumor growth in nude mice 
upon subsequent transplantation. Even admixture of only 
lxlO 6 NDV infected to SxlO 6 uninfected melanoma cells before 
transplantation caused a long-lasting tumor suppressive effect 
(Fig. 1). Since this virus has no cytopathic plaque-forming 
activity and cannot spread to neighbouring uninfected tumor 
cells, the observed tumor suppressive effect is most likely due 
to a local NDV mediated bystander effect. We recently reported 
on the capacity of NDV strain Ulster and La Sota to activate 
murine macrophages towards antitumor cytotoxicity (33). 
This might explain the observed bystander effect. 

When human MeWo-Met cells were First allowed to 
establish for four weeks in nude mice to form large primary 
tumors (see Fig. 1A) and then treated by intra-tumoral injection 
of either non-lytic NDV Ulster or lytic NDV Italien, only the 
latter treatment which allows for intra-tumoral virus spread 
and cytopathic plaque formation was effective (Fig. 2B). In 
this experimental situation the above discussed macrophage- 
mediated local bystander effect was either not in function or 
insufficient to prevent further tumor growth. 

In conclusion, the major message of this study is that anti- 
tumor activity of NDV is stronger when applied locally, in 
close proximity to the tumor, than when applied systemically. 
The local antitumor effects are likely to involve various 
mechanisms such as direct viral oncolysis (with lytic strains), 
tumor cell apoptosis (with lytic and non-lytic strains) and 
host bystander effects mediated for example via activated 
macrophages (33-35), and activated T cells (21,23-28,31,32). 
Since direct targeting of tumor metastases by systemic NDV 
application appears to be difficult, targeting of metastases via 
activated antitumor immune T cells remains another option. 
Activation of such antitumor immune T cells can be tried 
either by active immunization with tumor vaccines as we do 
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(6,7,9-1 1,30) or by ex vivo sti tion in which case immuno- 
therapy would be tried by adoptive transfer of such activated 
immune T cells. 
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